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(57) Abstract: 

PURPOSE: To reduce the contact resistance between a 
positive side electrode and a contact layer and lower the 
operation voltage of a semiconductor light emitting device. 

CONSTITUTION: A light emitting part which includes at 
least an n-type layer and a p-type layer is provided on a 
substrate 1 and, further, gallium nitride system compound 
semiconductor layers 3, 4, 5 and. 6 are built up on the 
substrate 1 and a negative side electrode 9 and a positive 
side electrode 8 which are connected to the n-type layer 
and the p-type layer respectively are provided. The surface 
of a contact layer 7 on which the positive side electrode is 
provided is made of p-type ln x Ga 1 ^N (0<x<1), p-type 

GaAs, p-type GaP, p-type 'n y Ga 1 y As (0<y<1) or p-type ln y 

Ga 1y P (0<y<1). 
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[Claim(s)] 

[Claim 1] The semiconductor light emitting device of the semiconductor layer 
in which it is the semiconductor light emitting device in which it comes to 
prepare n lateral electrode and p lateral electrode which are connected to the 
aforementioned n type layer and p type layer, respectively while the 
laminating of the CHITSU-ized gallium system compound semiconductor 
layer which has the luminescence section including n type layer and p type 
layer at least on a substrate is carried out, and the aforementioned p lateral 
electrode is prepared whose electrode side front face is p mold Inx Gal-x N 
(0< x<l) at least. 

[Claim 2] The semiconductor light emitting device according to claim 1 
whose composition ratio x of Above In is 0< x<=0.5. 

[Claim 3] The semiconductor light emitting device of the semiconductor layer 
in which it is the semiconductor light emitting device in which it comes to 
prepare n lateral electrode and p lateral electrode which are connected to the 
aforementioned n type layer and p type layer, respectively while the 
laminating of the CHITSU-ized gallium system compound semiconductor 
layer which has the luminescence section including n type layer and p type 
layer at least on a substrate is carried out, and the aforementioned p lateral 
electrode is prepared whose electrode side front face is p type GaAs or p type 
GaP at least. 

[Claim 4] While the laminating of the CHITSU-ized gallium system 
compound semiconductor layer which has the luminescence section including 
n type layer and p type layer at least on a substrate is carried out It is the 
semiconductor light emitting device in which it comes to prepare n lateral 
electrode and p lateral electrode which are connected to the aforementioned 
n type layer and p type layer, respectively. The semiconductor light emitting 
device of the semiconductor layer in which the aforementioned p lateral 
electrode is prepared whose electrode side front face is p type Iny Gal-y As 
(0< y<l) or p mold Iny Gal-y P (0< y<l) at least. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a semiconductor light 
emitting device. It is related with the semiconductor light emitting device 
using the suitable CHITSU-ized gallium system compound semiconductor 
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for blue luminescence in more detail. 

[0002] A CHITSU-ized gallium (GaN) system compound semiconductor is III 
here. The compound of Ga of a group element, and N of V group element, or 
III The semiconductor which consists of a compound which a part of N of the 
thing which a part of Ga of a group element replaced by other III group 
elements, such as aluminum and In, and/or V group element replaced by 
other V group elements, such as P and As, is said. 

[0003] Moreover, a semiconductor light emitting device means the 
semiconductor device which generates light, such as light emitting diode 
(henceforth Light Emitting Diode) which has double heteroj unctions, such as 
pn junction or pin, a super luminescent diode (SLD), or a semiconductor laser 
diode (LD). 
[0004] 

[Description of the Prior Art] Conventionally, by having obtained red and the 
p type semiconductor layer of low resistance which carried out the dopant of 
Mg, using a CHITSU-ized gallium system compound semiconductor in recent 
years although it compared green, and brightness is small and the difficulty 
was in utilization, brightness of blue light Emitting Diode improves and it is 
basking in the limelight. 

[0005] The process of Light Emitting Diode of the conventional CHITSU-ized 
gallium system is performed at a process as shown below, and shows the 
perspective diagram of Light Emitting Diode using the completed CHITSU- 
ized gallium system compound semiconductor to drawing 4. 
[0006] To the substrate 21 which consists of sapphire (aluminum2 03 single 
crystal) etc., at 400- 700- degree C low temperature First, an organometallic 
compound vapor growth It is carrier gas H2 by (it is hereafter called the 
MOCVD method). Trimethylgallium which is organometallic compound gas 
SiH4 as (it is hereafter called TMG), ammonia (NH3), and a dopant It 
supplies, etc. ~ About 0.01-0.2 micrometers of low-temperature buffer layers 
22 which consist of an n type GaN layer are formed, and about 2-5 
micrometers of elevated- temperature buffer layers 23 which subsequently 
supply the 700-1200-degree C same gas at an elevated temperature, and 
consist of GaN of n type of the same composition are formed. 
[0007] Subsequently, the material gas of a trimethylaluminum (henceforth 
TMA) is further added to the above-mentioned gas, the n type Air Gal-r N 
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(0< r<l) layer containing Si of n type dopant is formed, and about 0.1-0.3 
micrometers of n type clad layers 24 for double heteroj unction formation are 
formed. 

[0008] Next it replaces with TMA of the above-mentioned material gas, 
trimethylindium (henceforth TMI) is introduced, and about 0.05-0.1 
micrometers of material 25 to which bandgap energy becomes small from 
that of a clad layer, for example, the barrier layer which consists of Ins Gal- 
s N (0< s<l), is formed. 

[0009] Furthermore, it is impurity material gas with the gas of the same raw 
material as the gas used for formation of n type clad layer 24 SiH4 It 
replaces with, the bis(cyclopentadienyl) magnesium (henceforth Cp2 Mg) or 
dimethyl zinc (henceforth DMZn) for Mg or Zn as a p type impurity is added, 
it introduces into a coil, and the vapor growth of the p type Air Gal-r N layer 
which is p type clad layer 26 is carried out. Thereby, a double heterojunction 
is formed of n type clad layer 24, a barrier layer 25, and p type clad layer 26. 
[0010] Subsequently, for contact layer 27 formation, Cp2 Mg or DMZn is 
supplied as impurity material gas by the same gas as the above-mentioned 
buffer layer 23, and 0.3-2 micrometers of p type GaN layers are grown up. 
[0011] the it back Si02 and Si 3N4 A protective coat is prepared all over the 
growth phase front face of a semiconductor layer, etc. — After performing 
400-800 degrees C and 20 - 60-minute room [ about ] annealing, attaining 
activation of p type clad layer 26 and the cap layer 27 and removing a 
protective coat, in order to form the electrode by the side of n, Apply a resist, 
perform patterning, dry etching removes a part of each grown-up 
semiconductor layer, and the buffer layer 23 or n type clad layer 24 which is 
an n type GaN layer is exposed. The Light Emitting Diode chip is formed by 
forming the electrode 30 by the side of n, and the electrode 29 by the side of p 
by sputtering etc., and carrying out dicing. 
[0012] 

[Problem(s) to be Solved by the Invention] Although the GaN layer is used as 
a contact layer 27 in which p lateral electrode is prepared in the 
semiconductor light emitting device using the conventional CHITS U-ized 
gallium system compound semiconductor The energy gap of the conduction 
band of metals, such as Au, an alloy of Au and Zn, etc. which are used as 
being influenced by change of surface level and an electrode, and the valence 
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band of GaN for the reasons of a large thing etc. There is a problem that the 
contact resistance of an electrode metal and a contact layer is not stabilized 
as a result, and contact resistance becomes large, and operating voltage 
becomes high. This problem originates in the basic problem that carrier 
concentration of p type layer cannot be made high, it is the semiconductor 
laser which restricts a current pouring field in the shape of a stripe further, 
and by the type which forms the width of face of an electrode in a stripe 
configuration, since the touch area of an electrode becomes small, it becomes 
remarkable especially. 

[0013] this invention solves such a problem, and the contact resistance of p 
lateral electrode and a contact layer is small, and it is low operating voltage, 
and aims at offering the semiconductor light emitting device from which a 
big output is obtained. 
[0014] 

[Means for Solving the Problem] While the laminating of the CHITSU-ized 
gallium system compound semiconductor layer which has the luminescence 
section including n type layer and p type layer at least on a substrate is 
carried out, the semiconductor light emitting device of this invention It is the 
semiconductor light emitting device in which it comes to prepare n lateral 
electrode and p lateral electrode which are connected to the aforementioned 
n type layer and p type layer, respectively. Even if there are few 
semiconductor layers in which the aforementioned p lateral electrode is 
prepared, on an electrode side front face p mold Inx Gal-x N (0< x<l), p type 
GaAs, p type GaP, p type Iny Gal-y As (0< y<l), or Iny Gal-y P (0< y<l) is 
prepared. 

[0015] Since the problem of a stacking fault cannot appear and it can lower 
contact resistance that the composition ratio x of In of the aforementioned 
Inx Gal-x N is 0< x<=0.5, it is desirable. 
[0016] 

[Function] Since Inx Gal-x N, GaAs, GaP, Iny Gal-y As, or Iny Gal-y P is 
used for the front face of a contact layer in which p lateral electrode is 
prepared according to the semiconductor light emitting device of this 
invention, the contact resistance of a semiconductor layer and an electrode 
becomes small. Namely, since bandgap energy (forbidden-band width of face) 
cannot oxidize easily small from GaN, it is hard to generate surface level and, 



5 



JP 8-97468 



as for these semiconductor layers, such as Inx Gal-x N, (contact resistance) 
becomes small in the difficulty of flowing of the current by the electron by 
surface level, or the hole trap. Moreover, semiconductor layers, such as Inx 
Gal-x N, have small bandgap energy (forbidden-band width of face) 
compared with GaN, the energy gap of the energy level of the conduction 
band of the metal as an electrode and the valence band of a semiconductor 
layer is small, and an electron hole tends to flow. Although the gap has 
arisen in the energy level of a valence band between the Inx Gal-x N layer 
and the GaN layer The energy gap Ev of an electrode metal and a GaN layer 
is the energy gap Evl of a metal and an Inx Gal-x N layer. Energy gap Ev2 
of an Inx Gal-x N layer and a GaN layer Since it is divided, Small energy 
gap Evl The overcome electron hole or electron is the small energy gap Ev2. 
That what is necessary is just to get over further, since it is not necessary to 
overcome the directly big energy gap Ev, contact resistance becomes small 
seemingly. 

[0017] Since bandgap energy (forbidden-band width of face) cannot oxidize 
easily small like [ GaP / GaAs or ] Inx Gal-x N, it is hard to produce surface 
level, and bandgap energy is smaller than Inx Gal-x N, and contact 
resistance becomes small further. 

[0018] Moreover, Iny Gal-y As or Iny Gal-y P carries out the operation which 
carries out the role to which In makes small further bandgap energy 
(forbidden-band width of face), and makes contact resistance small further 
like the above-mentioned Inx Gal-x N. In this case, although it shifts more 
greatly about grid adjustment than Inx Gal-x N, the effect of bandgap 
energy reduction is larger. Moreover, p type carrier concentration is also 
raised more. 
[0019] 

[Example] The semiconductor light emitting device of this invention is 
explained referring to an accompanying drawing next. 

[0020] Drawing 1 is drawing in which cross-section explanatory drawing of 
one example of the semiconductor light emitting device of this invention and 
drawing 2 show the process explanatory drawing, and drawing 3 shows the 
contact layer of the semiconductor light emitting device of drawing 1 , and 
the energy band of p lateral electrode. 

[0021] As shown in drawing 1 , one example of the semiconductor light 
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emitting device of this invention For example, sapphire 0 [ aluminum2 ] 03 
The about 0.01-0.2 micrometers low-temperature buffer layer 2 which 
consists of n type GaN etc. on the substrates 1, such as a single crystal, the 
about 2-5 micrometers elevated-temperature buffer layer 3, the about 0.1- 
0.3-micrometer lower clad layer 4 which consists of n type Air Gal-r N (0< 
r<l), a non dope Or it consists of an n type or p type Ins Gal-s N (0< s<l). 
Bandgap energy is smaller than the lower clad layer 4. The about 0.1-0.3- 
micrometer up clad layer 6 which is p type in the same composition as the 
about 0.05-0.1 -micrometer barrier layer 5 with a large refractive index, and 
the lower clad layer 4, the GaN layer 11 of about 0.3-2-micrometer p type 
which is a low resistive layer in the same composition as buffer layers 2 and 
3 And the laminating of the contact layer 7 which consists of an Inx Gal-x N 
(0< x<l) layer 12 of about 0.05-0.2-micrometer p type prepared in the front- 
face side is carried out one by one. The n lateral electrode 9 is formed in n 
type clad layer 4 or the elevated-temperature buffer layer 3 which 
**********ed and exposed to the Inx Gal-x N layer 12 of the front face of the 
contact layer 7 a part of p lateral electrode 8 and semiconductor layer by 
which the laminating was carried out, and the chip of the semiconductor 
laser of this invention is formed. 

[0022] The semiconductor light emitting device of this invention has the 
feature in the laminating of the CHITSU-ized gallium system compound 
semiconductor layer being carried out, the p type contact layer 7 in which the 
p lateral electrode 8 is formed having bandgap energy smaller than GaN, 
and the p type Inx Gal-x N layer 12 which is the material which surface 
level cannot generate easily being formed in the front face of the GaN layer 
11, and the p lateral electrode 8 being formed on the Inx Gal-x N layer 12. 
Since it will become grid mismatching if mixed crystal of the In is carried out 
to GaN, a small material of bandgap energy is not used like a barrier layer 
other than an indispensable layer, and, as for using an Inx Gal-x N layer for 
the contact layer 7, the way of thinking is not carried out at all, either. 
However, carrier concentration of p type layer could not be raised in the 
semiconductor light emitting device using the CHITSU-ized gallium system 
compound semiconductor more than constant value, but increase of the 
contact resistance of p type layer and p lateral electrode had become the 
cause of raising operating voltage and reducing luminous efficiency, this 
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invention person conquers the problem of grid mismatching by setting to 
about 0.05-0.2 micrometers semiconductor layer thickness formed even if a 
little grid mismatching arises as a result of repeating examination 
wholeheartedly, finds out that the fall of contact resistance with a metal can 
be attained, and came to complete this invention. 

[0023] Although phenomena, such as transposition generating, appear and 
were not desirable even if it made it the above-mentioned half-********** 
when using Inx Gal-x N which made In contain as a small material of 
bandgap energy, and the composition ratio of In became large the 
composition ratio x of In ~ 0< x<=0.5 ~ contact resistance with a metal was 
able to be made small, without the problem of transposition generating 
arising preferably 0.05<=x<=0.3 and by making it still more preferably 
0.05<=x<=0.2 

[0024] Even if it used GaAs or GaP instead of Inx Gal-x N as a small 
material of bandgap energy, contact resistance with a metal was small 
similarly, and moreover it was hard to generate the surface level of a 
semiconductor layer front face, and operation by low operating voltage was 
obtained. Although a GaN system differs from growth temperature, after 
GaAs and GaP form a GaN system, they are obtained by lowering the 
temperature in an MOCVD system to 500-800 degrees C, and growing up it. 
Moreover, although GaAs and GaP also become GaN and grid mismatching, 
the influence by the stacking fault becomes to some extent small by carrying 
out to about 0.05-0.2 micrometers in the above-mentioned thickness. 
[0025] By carrying out mixed crystal of the In to GaAs or GaP further, the 
property of being easy to alloy with the metal which can oxidize easily 
neither rather than aluminum nor Ga could be used, and contact resistance 
was able to be reduced further. In this case, the composition ratio of In can be 
increased about with zero to 0.5. 

[0026] Below, contact resistance with p lateral electrode explains the 
principle which becomes small by preparing the small semiconductor layer of 
bandgap energy in the front face of the contact layer 7, referring to drawing 

3 . 

[0027] Drawing 3 is drawing having shown the energy band of the contact 
layer 7 and the p lateral electrode 8, the left-hand side of drawing shows p 
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type clad layer 6 side of the contact layer 7, right-hand side shows the p 
lateral-electrode 8 side, the GaN layer 11 and B show the Inx Gal-x N layer 
12, and G shows [ A ] a part of each energy band of the p lateral electrode 8. 
the electrode by which drawing 3 (a) and (b) are prepared in composition of a 
semiconductor layer, or a semiconductor layer front face — public funds — 
according to the kind of group etc., it is what showed typically the situation 
which an energy level goes up on the front face of the GaN layer 11 or the Inx 
Gal-x N layer 12, or falls, and the same phenomenon is shown also in the 
state of any It sets to drawing 3 and is PI and P2. It is the valence band of 
GaN and Inx Gal-x N, Ql, and Q2, respectively. A conduction band and R 
show an energy level with most electrons of an electrode metal, respectively. 
Moreover, Pi Ql Gap Fl And P2 Q2 Gap F2 The bandgap energy (forbidden- 
band width of face) of GaN and Inx Gal-xN is shown, respectively. 
[0028] The flow of the current from p lateral electrode to a contact layer is 
the valence band PI of energy level [ of an electrode metal ] R to GaN. 
Although it means that an electron hole moves Since the Inx Gal-x N layer 
12 is formed according to this invention, It is once the valence band P2 of the 
Inx Gal-x N layer 12. Gap energy Evl Get over and an electron hole flows. 
Subsequently, P2 Shell PI Gap energy Ev2 Since it is not necessary to get 
over and to overcome the gap energy Ev in case there is no Inx Gal-xN at 
once that what is necessary is just to flow, it is easy to flow. The current in 
this case is a constant also including the term of temperature, respectively 
kl and k2 When it carries out, it can express with exp {- (kl Evl+k2 Ev2)}. 
Thus, it is the forbidden-band width of face F2 of Inx Gal-x N that an energy 
barrier is divided into two steps. Forbidden-band width of face Fl of GaN It 
is because it is small and is the forbidden-band width of face Fl of GaN 
ideally. It is desirable to use the material of about 1/2 forbidden-band width 
of face. 

[0029] Also as for GaAs, GaP, Iny Gal-y As, or Iny Gal-y P, forbidden-band 
width of face has the same relation, and contact resistance becomes small 
similarly. 

[0030] It explains referring to drawing 2 about the process of the 
semiconductor laser of drawing 1 next. 

[0031] first, the substrate 1 which consists of sapphire etc. as shown in 
drawing 2 (a) -- the MOCVD method -- carrier gas H2 TMG which is 
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organometallic compound gas, and NH3 And SiH4 as a dopant etc. — it 
supplies and about 2- 5 -micrometer 0.01-0.2 micrometers grow the low- 
temperature buffer layer 2 and the elevated- temperature buffer layer 3 
which consist of CHITSU-ized gallium system semiconductor layers, such as 
an n type GaN layer, respectively 

[0032] Subsequently, TMA is further added to the above-mentioned gas, and 
it is SiH4 about Si of n type dopant etc. About 1-2 micrometers of n type clad 
layers 4 contained as gas etc. are formed. 

[0033] Next, as a material to which bandgap energy becomes smaller than 
that of a clad layer For example, replace with the above-mentioned material 
gas, introduce TMI, and about 0.05-0.1 micrometers of barrier layers 5 are 
formed. Furthermore, it is dopant gas with the gas of the same raw material 
as the gas used for formation of n type clad layer 4 SiH4 It replaces with, and 
introduces into a coil as Cp2 Mg or DMZn as a p type impurity, and the vapor 
growth of the p type GaN layer which is p type clad layer 6 is carried out. 
[0034] Subsequently, as shown in drawing 2 (b), for the contact stratification, 
Cp2 Mg or DMZn is supplied as dopant gas by the same gas as the above- 
mentioned buffer layer 3, and the p type GaN layer 11 is grown up into the 
thickness of about 0.3-2 micrometers. 

[0035] Furthermore, in order to make small contact resistance with p lateral 
electrode, TMI is added to the same material gas as the above-mentioned 
GaN layer 11, and the Inx Gal-x N (0< x<l, for example, x= 0.1) layer 12 is 
formed in about 0.05-0.2 micrometers. It is because contact resistance cannot 
be lowered if too thin [ if an Inx Gal-x N layer is not much thick, resistance 
of this film itself will influence the whole, and ]. 

[0036] Although the p type Inx Gal-x N layer was used as a part of contact 
layer in the above-mentioned explanation It changes to p type Inx Gal-x N. p 
type GaAs, p type GaP, It can deal in the same effect also by forming p type 
Iny Gal-y As (0< y<l, for example, y= 0.2) or p mold Iny Gal-yP (0< y<l, for 
example, y= 0.5) as a contact layer of the side in contact with p lateral 
electrode. In this case, it is obtained by lowering the temperature in an 
MOCVD system to 500-800 degrees C, and replacing with the above- 
mentioned TMI, or introducing a tertiarybutyl arsine (TBA) or a TASHARU 
butyl phosphine (TBP) with TMI. 

[0037] the it back Si02 and Si 3N4 etc. -- a protective coat is prepared all 
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over the front face of the growth phase of a semiconductor layer, annealing or 
electron beam irradiation (400-800 degrees C and 20 - 60 -minute about 
room) is performed, and activation of p type clad layer 6 and the contact 
layer 7 is attained If annealing is completed, it will remove by carrying out 
wet etching of the protective coat. 

[0038] Subsequently, in order to form the electrode by the side of n, apply a 
resist and patterning is performed. A resist film is prepared in the front face 
of a CHITSU-ized gallium system compound semiconductor layer on which 
the protective coat was removed as shown in drawing 2 (c). Dry etching 
removes a part of semiconductor layer, and the elevated-temperature buffer 
layer 3 or n type clad layer 4 which is n type layer is exposed. On the front 
face of the contact layer 7 of the n lateral electrode 9 which consists of metal 
membranes, such as aluminum electrically connected to n type layer on 
elevated-temperature buffer-layer 3 (or n type clad layer 4) exposed front 
face, and the compound semiconductor layer by which the laminating was 
carried out, Au, The p lateral electrode 8 which consists of metal membranes, 
such as an alloy of Au and Zn, is formed by sputtering etc., respectively. A 
semiconductor laser chip is formed by ********** m g t making a part of 
contact layer 7 and p type clad layer into a mesa type configuration, and next, 
carrying out dicing to each chip according to the p lateral electrode 8. 
[0039] Moreover, in the aforementioned example, although it was 
semiconductor laser, it is applicable about the semiconductor light emitting 
device of various structures, such as Light Emitting Diode of a double 
heterojunction, and Light Emitting Diode of pn junction. Moreover, about a 
CHITSU-ized gallium system compound semiconductor, it is not limited to 
the above-mentioned example, but what changed the composition ratio so 
that the bandgap energy and the refractive index of each semiconductor 
layer might generally be filled with AluGav Iril-u-v N (0<=u<l, 0< v<=l, 
0<u+v<=l) according to the target semiconductor light emitting device can 
be used. The same is said of what furthermore replaced a part or all of N of 
Alu Gav Inl-u-vN by As and/or P. 
[0040] 

[Effect of the Invention] Since the portion of the contact layer of p lateral 
electrode which contacts p lateral electrode at least is formed by the 
semiconductor material with bandgap energy smaller than p type GaN, 
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while being able to make influence of surface level small according to the 
semiconductor light emitting device of this invention, contact resistance with 
p lateral electrode can be made small. Therefore, operating voltage can be 
made low and luminous efficiency can be raised. 
[Brief Description of the Drawings] 

[Drawing 1] It is cross-section explanatory drawing showing one example of 
the semiconductor light emitting device of this invention. 
[Drawing 2] It is drawing showing the manufacturing process of the 
semiconductor light emitting device of drawing 1 . 

[Drawing 3] It is explanatory drawing of the energy band of the contact layer 
of the semiconductor light emitting device of drawing 1 , and an electrode 
metal. 

[Drawing 4] It is the perspective diagram showing an example of the 
conventional semiconductor light emitting device. 
[Description of Notations] 
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7 Contact Layer 

11 GaN Layer 

12 Inx Gal-XN Layer 
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Fig. 1 



Fig. 2 
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y<l) -C*>5^»fl=3fi3t*^« 

[0 0 0 1 ] 

3fi^»^f*^Sr«v^fciitW»3fcS(f J ? : ^-Bi■r5o 30 
[0 0 0 2] rrcf^!)^ (GaN) ikik&m 

III ^WGatvra^Nt^ 

4fe*fcram jg^toG a gas a* a i, i n^ctw 

III^tc^ t Lfc t <D& X t*/£ fed VjBItcSS© N 
(D-gWP, As3fc^te<OVJSs5c3Hi:e*Ufc^'&«B36» 

[0 0 0 3] £7c, ^#3g3t3g^.t(j, pn 
dp i n!iify^7P^^ft^^^i-K 

— K (SLD) Tfefctt^frU— K (LD) 40 

[0 0 0 4] 

r m & & $ < <fc (cJK jS a* *> o # . ifr*^f~ y it 
(S«)7LOpS!¥»l*:JBd J itP>nfcrfc(cJ;i3, tt&d'fl] 
[0 0 0 5] t*5fc<D^ sMfctf U !>^LED«tt 
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4 ll/^fo 

[0 0 0 6] if7T-<r (Al a 0 3 ¥M) * 

^f>j5:5SS2 1H400-7 0 o f Gtf)(6i&*tNtttl&: 
flWfr&ttftfc/Sftfcfc (KT, MOCVD&irVN?) It J: 

hy^tfvv^y^A (jut, TMGti^) , tv*-- 

T (NH 3 ) fc^K-^yhtLTWS iH, ^t'^ 
#*&U nI©GaNSi»b45W/<y77«2 2S: 
0. 0 1—0. 2^mg^^U O^t*7 0 0-1 2 
0 0*C(Ofl5?aT?lRlC^Sr#t*&U^Cia^n^Ga 
N*^?i5ift«a^!/7rJi2 3 £2 — 5 /i mgf^t 

[0007] ov^striEo^f^^^ kt- h y y ^vi^tvu 

^-^A (j£TF. TMA i v> 5 ) (Ojj^^^^SrJtoi, n 
SK-^yh(Z)S i Sr^f LfcngiA l r G ai _ N 

(0<r<l) SSrfiWU 
J6Wn^7^Ki24H. 1 — 0. 3//mig£7&£ 

[0 0 0 8] O^KSil5ti(Oj^!|Sl-^XCOTMA^Kx.T h 

fctttfIn.Ga l _N (0< s< 1) 
a»£>fc5*£tM2 05—0. l//ragWt 

[0 0 0 9] $ P>(-, n|^7yKi24 <£>^/£^ffl W 
C^OO^f^T^^^^^S i H 4 
p g!*tt4*fc Lt«M g Z n <Dtc#><D\?* 

us<Z/# i/3Lz=.jV-?jf%>x/*7J* (J£AT, Cp 2 Mg 
4:1^5) *fcfJ^7t?vl'ffi$& (WT, DMZntV^) 

®Al r G a i-r N« t> n 

[0 0 10] oV^=iy^^ hi! 2 7?«CDfctf\ atr^ 
(D/^77|23i: R|«©5tf ^ ^ffittJEC*** * t IT 
Cp 2 Mg^fcdDMZ n »UpS<OGa N^^ 
0. 3-2 vmf&&£-&% 0 

[001 1 ] Si0 2l Si 3 N 4 /j: ¥<D&m 

m&*mftm<D&&m%:&±m^rt, 4 0 0 - s 0 0 

" n% K7^3:5'fy^l:J; | }iiLTnSG a Nlf 
^5^^7712 3ifctin|^7y KJS 2 4^^ffi$ 
■ti:, niOli3 0, p{R!)<^H^2 9 Sr^^y y V^* 

[0012] 



3 

frmi-t>tlZ>=*>?? hM2 7 t UGa NJl^ffl^fe 

[0 0 l 3 1 5<cB8HS:»*U Pfl!l® 

[0 0 14] 

nan i»m ctt^p {WMasfs # e> *vofe s w*« 
m-efcot, aftsapffls«fii365ffl;«- fetus ^iS^s© 

^<tti«IW»pIIn,Ga 1 -,N (0<x 
<1) SfefipiGaAs-bKlip^GaP^tlSp 
Sln y Gai_ y As (0<y<l) t> b < I n y G 
ai- y P (0<y<l) tmtfbtlX^Ze 
[0015] SiIHE In.GawNOIn O^a^Jfc x ^ 
0<x^0. 5"C$)5rt^ t&^SEOP3S*5^t>H 

[0 0 16] 

f±G a A s t> U< ttG a P£fcte I n y G a i_ y As<j 
L<liln r Ga lrr Pasffl^fotLTV^feft, 
ii:Mt^^vh^<^5 () In, 
Ga»^ NJte^©me>©^ilW*cgttGaNJ:!9^>'K 

G a NCUt^T^ K*ir s/^^/V^- (&ffilffi#g) 

fc ¥ ©fiWHSf * <0 * y ^S/Jn $ < 

jEJLa*»L£V\, In, Ga,-, NitGaNitWfc 

^-5^ tMl t G a Ni t Ox^yu^-^ t J' 
v \$&mt In. Ga^-, Nmt<D^*J\'*e~*Pw7' 
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Ev^In.Ga,-, NftGa Nlt©x^^ 

[0017] G a A s-^G a PdOl^Tt) I n , G a 

10 ^fc^y K^t ^^x^af-fi I n , Gai-, N<};9 

[0018] ^fcln y Ga^, AsU<liIn y G 
a i- y PtiftJiliO In, G a N t f^l#t- I n^^b 

KfM\ IS^Iai'o^tii In, Gai-, NJ; 

*fcpl!^yr*£fcJ;!?±tf&;h,5 0 

[0019] 

[0 0 2 0] ei i li^p^o^^jti^-^-^l^J 

[0 0 2 1] Ellfc^StuSJ:^ *3SW©^*fr* 
^T-O-^Sfe^jn, fci:x.Ji*9*7T-Yr (Al a 0 3 

0. 0 1—0. 2 ti m&g<Di&m.s< y 7 7 m 2 s 2 — 5 
30 //mlMjlA'j/7 713, nI(OAl r Gax- r N 
(0< r < 1) ^Pj/j;50. 1 — 0. 3^m»T^ 
^?yKg4, y^K— :^*fcttn§!t>L<ttp£!©I 
n ■ G a i-» N (0< s < 1 ) d>P>fc 9 , T£(5^ 7 ^ K 

J|4 < tf)A'yK^t^7 1 x^- &'h£< s ffitftm<D 

*#^0. 05-0. Um»gtt|5, W7 

yKl4i:i^i:ia^-epi-eS)5o. 1-0. 3/*mS 

iSM"C*)5 0. 3-2/imIgC0p^GaNil 
HSkXf^O&ffimfc&ljbtLtcO. 0 5 — 0. 2 //m 
40 gg© p U<D In, G a N (0<x<l) Jf 1 2 

©^ffiCOI n, Ga.-„ Ngl 2i:pjH«i8, fM £ 

[0022] ^mm^m^^tm^^ ^it^s 7^ 

pgJ(0=t>-^^ hf T^GaNit) fe^X K^r-Y ^^'^ 
50 ^S52p^co|§^Ll^<^TO 



5 

Xfc3, *Lkz.&vM<Dl n, G a Njg 1 2#Ga 
Njfl 1 (D^m^Wti-fhtl, I n x G a i_, NJi 1 2 _h 
l-p(K!im^8^^(tb^ri^r iri-^^fe^o Ga 
NIC I n&S63*Sfcft^*fi^l-fc3*:«>* St£/I 

h^f 7 i£ I n » G 

*CTt>^J8S$ix5^ilK*:Jg©jpsS:0. 0 5-0. 2 

[0 0 2 3] /^K^rt s/^c^/l^— ©/J^^tmt 
UX I n Srg^S^fc I n , G a N&ffl^5tf& 

I ti^H^itx^0<x^0. 5,£jP£U<H0. 
0 5^x^0. 3, ££>lvl£Fl£L<ti:0. 05^x^ 

0. 2ic-rar ti£*!3tefl:*£©fflfflas£t5;:£ t) 

[0 0 2 4] ^^K^f+^^^V=¥— ©'J^V^^t 
Lt In, G a !_» N©ft^) (-G a A s ^fcfiG a P £: 

Sb^ 5 X^>H/Co GaAs^GaPttGaNSt/Sfia 
S^J&5dS, G a N^£j6&^IL/'©*> N MOCVDg 
e^^?a^^5 0 0 — 8 0 OXl\z.TifXf&M£ J £Z>Z. £ 
I- J: 0 ^ttt-5 0 SfcGaAs^GaPtGaNiftf 
^S^i^S^ ffiti$©J?£ 0. 05 — 0. 2^mgS 

[0025] G a A s ^>G a P $ ^ I n 

Z>^b\^£*)^ A l^Ga xk> i>mt£ti\z-<^&mt 

LWv^ ^ 3 ttt^ffJf 1 5 - b&X%, — € 
«tttiafi:Srfi»$*5Itmfcc r©tfM\ In 

[0 0 2 6] o#*t-, m 3 &#RB Lfci&S K3r* 5> 

[0 0 2 7] |§]3tt3y^^ M7t p«^8©x^ 

^Ga NH 11, B^ln, Ga^ 12, G & p 

{atimi^ 8 ©— ^©^n^ft©^-*;^— K^i" 0 
@3 (a) % (b) tt4M*{WB©*afifc^Wttg*ffi»- 



(4) ^f8-9 7 4 6 8 

6 

^I n, Ga*-, Njf 1 2 (D^ffi-e^^/V^r— i££t2 5 _L 
2* o fc 9 o "9 -T £ Jfcft Sr^W 1-^ L ft i> <D X, 

i , P= ^th^etlG a N*3«tO t In. G a i— * N©fa 

fHG a N*5<tl>* I n, G a ^.N^y K^Y 
[0 0 2 8] p ®AW&i>*b =* ^ ^ ©®3fi©»tt*b 

In, G ai _, Nil 2&&tfbtlX^Z>fclt>* ~II 
n, G ai _, N|12(DiiffP 2 l^^fts'^^ 
^r— E vl frmVmX-XiEJlfcffitl, OV^P 3 d^P 

In. G a i-.Nas^lMJfcl^^-lr y T'x^l/ 

k 2 tfSt, exp {- (k, E vl + k 2 E 

!c#Sd£ix5©tt; I n, G a i-, N<D^0J^*gF 2 *sg 
aNOifflfffiFi i"J/>$V^ie>T?*>l9, S3B«)ttt 
GaN^JfUF! ©l/2S^O^ES!lfif«©tt»S:. 

[0029] GaAstK t^G a P ^fcli I n y G a 
,. y As^Kliln, Gaw P t>^ft!llr*S 355^(0 

M^tcfet), isic«t9^»ttfia:^/J^<'tc5o 
30 [0 0 3 0] ^fnceuo^MWi*-— ifcoi^&^o^x 

[0 0 3 1 ] £i\ [g]2 (a) tc^^ixaJ: 51-, f-^ 
T^T>i^j6»b^SS«lJ-, MOCVDfeiiJ:^^ 

G, NH 3 *i<tt>*K-^ybtLT©S iH 4 ^ir'^i 
jf&U n^Ga NS^efCO^s/^Ptf y !7A^^^®^ 
b ^ 6 {S ^ y -7 T € 2 *5 £ t>* ifiS ^ < V -7 T m 3 & *z tl 
^thO. 0 1—0. 2 ^ m, 2-5/imgg^fit5o 

[0 0 3 2] oi^-?ilfjiti<£»;tf;M;i£ ^I^tma^p^, 

40 K-^bOS i &t*£S i H 4 jS^ttVh tt^ 

ttfcni^ 7 y Kf 4 ^ 1-2 // mg^t5. 
[0 0 3 3] o%*(', A*y K^r-y j/^^^yv^— ^ 

(DW^CiUTTMI ^Al, f^ti^5$r0. 0 
5-0, 1/imgWU Zbl^ ni^7S'Ki4 

^SiH, \^ft7t_XpW?t1&&k LTCp 2 Mg^/ctt 
DMZntLt^fl-fAU p^7yK|6tfe 
5pSGaNi^WI^^ 0 
50 [ 0 0 3 4 ] OV^T[g]2 (b) \Z.*k£tlZ>£ =r ^ 
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"CK^h^t LTCp 2 MgJtttDMZn^i 
|&LTpI©GaNf 1 lSrO. 3 — 2 ju mg&K>/?$ 

[0 0 3 5] ££>^ P 0!imEt(OSEttfifitSr/h$<-r 
Sfcfci-flElS&OG aNlllt ^i^gW^CTM I 
$rAPx.T I n x G ai _, N (0<x< 1, tckz_ttx = 
o. 1)112^0. 05-0. 2 v mm8tlz.M&rt 

[0 0 3 6] ^C0|ftP^-C^, h/B«>— flli: L 

TpIWIn, Ga^ Nf^l«, piOIn, 
G a NC^it, p^GaAs. pgGaP, p§J 

In y Gai- y As ( 0 < y < 1 , i: y = 0 . 

2) ifefctep^I n y Ga^P (0<y<l, tctz. 
(fy = 0. 5) Srp{ffl«te^Sftti-5ffly©3V^^ 

8 0 0 e C^T(f, ^©TMII^it, ^fcttTM I 20 

ttti^-^ty^ur/i'v'y (tba) *fcf±^ 

— v-Y^^yv^^^^ V (TBP) ^A-T-Sri:^ 

[0 0 3 7] ^-(OCO-^S i0 2 , S i 3 N* ^co^ 
IB&¥ilWS©Jfc5S©*ffi£ffii;iSa!tf\ 4 0 0-80 
ot, 2 0-6 o^m©r--;uifcttifiilt 

rti£05o r^/^Tt^t, fiMSIKSr*** h:* 

[0 0 3 8] OV^, nffl<DMM&J&f&-tZ>1tib, Uis 30 
* h£r^ftTLT^ — — ^^Srffv\ El 2 (c) 

OfcAu, Au £ Z n©^&fc^<D&JRIga»S>>i-5 
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t5 c Of Is pfey^8fC-£^i3;-C^>-^ H7*5 
<fcU*P^7 y Ki^-3S^^ s/f y^* try tM 

[0 0 3 9] a*:, ^trffillffi«-Ctt^f*:u-1fT?fco 

t-GS5££;ft/f\ — jfcg^A 1 „Ga v I ni - u - v N (0^ 
u<l, 0<v^l, 0<u + v^l) ^gftjtf^igft; 

^t^ s "C#5o ^CA1 U Ga v I ni-^NONro 

— as* fctt^Si £ a s *5 J; t>V£ inn p -egtfe Lfc t> <r> 

[0 04 0] 

[0 1 1 **W<o^##3S3te3fc^<o— H^JSr^Sffffi 
[@2] 0 l <Z5M £ *fr«3fe*^©jKjgXSS:^-riiI*tf«) 
[03] i i <D 3 y ^ ^ f i t 

[04] ft&<D*m&&ftm*<D~mfr^'t&w.m-efy 

4 nl^7j/K| 

6 pw# *7v\?m 

11 G a Nf 

12 I n, G a x-« 
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[(31] [g!2] 




12 I n x Ga H NJH 



6 p^7^ KB 

7 =r>**hfi 

11 G b NJH 

12 In, Gbj.j NB 
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[0 3] 
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